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© CONTROLLER HAVING DEDUCING FUNCTION. 

M © A controller for deducing optimum countermeas- 
[vjures in case the object to be controlled or the 
product becomes defective, particularly suitable for 
■^setting and controlling the operation conditions of an 
^injection molding machine. To determine an bpti- 
COmum countermeasure in carrying out complex con- 
Qtrol of the injection molding machine (100), the con- 
troller has an input unit (26), for defect conditions, a 
memory (22) storing defect conditions, causes of 
defect conditions, and proposed countermeasures 
for the causes; evaluation means (23) for putting the 



countermeasures in a priority order based on the 
contents of the memory and conditions of the object 
to be controlled, predicting another possible defect 
resulting from the countermeasure taken, and deduc- 
ing an optimum countermeasure; and a display (25) 
for displaying the proposed countermeasures. The 
control operation is carried out in accordance with 
either the proposed optimum countermeasure or one 
of the proposed countermeasures that is selected by 
an operator (27) from those on the display screen. 
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TITLE OF THE INVENTION 
CONTROL UNIT HAVING AN INFERENCE FUNCTION 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a control unit having a func- 
tion of inferring causes for various problems relating to a 
machine as an object of control, such as problems in the 
machine as an object of control, problems in a product 
processed by the machine as an object of control and the 
like, and contermeasures for dissolving the causes, and more 
particularly, to a control unit using a so-called expert 
system in which the knowledge and experiences of high-level 
specialists in the relating field are accumulated. 

2. Description of the Related Art 

As a system which infers causes for problems relating 
to a machine as an object of control and the most suitable 
countermeasure plans for dissolving the causes, there is a 
system using a so-called expert system. In the expert sy 
stem, know-how, that is, knowledge possessed by specialists 
relating to a specific technique is stored as a knowledge 
base. When there arises a situation in which the judgment of 
specialists is required, inference for countermeasure plans 
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is performed by a computer according to the knowledge base 
so that a correct judgment can be provided as if there exist 
specialists even when they are absent. The application of 
this system to various industrial fields is now attracting 
notice. As a paper describing the application of the expert 
system to an injection machine the setting of operation con- 
ditions of which is considered to be very difficult, there 
is "Expert Systems for Injection Molding" by Paul M . Menig 
et al. presented at the meeting "Artificial Intelligence for 
the Automotive Industry" held on 11th - 13th of March. 1986. 
According to the system presented in this paper, counter- 
measures for problems are inferred in accordance with the 
inputs of data on the situations of the problems, various 
conditions and the like. However, since the system shoxvn in 
this paper uses a fixed table, that is, a trouble shooting 
guide provided by DuPont Corp. for determining counter- 
measure plans for problems in molding, the system has the 
disadvantages that it is impossible to determine counter- 
measure plans which must essentially be judged according to 
the situations of the problems, and time is required or it 
is sometimes impossible to solve the problems, when there 
exist, for example, countermeasures which conflict with one 
another. Furthermore, the system of this paper only asks 
whether or not the problem has been solved after the execu- 
tion of a certain countermeasure plan, and actions taken 
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when other problems have occurred as a result of the 
measures or the situation has changed as a result of the 
countermeasure are not clear. Hence, it is difficult to 
operate the system as an expert system from a practical 

i 

point of view. 

As a known example in which the expert system has been 
applied to other fields, there is a system disclosed in 
Japanese Patent Public Disclosure (Kofcai) No. 62-6845 
( 1987). In this disclosure, the expert system has been ap- 
plied to a trouble diagnosis apparatus for vehicles. 

However, although the system of this disclosure can be 
applied to the trouble diagnosis of vehicles, it is un- 
suitable for complicated control, such as control for an in- 
jection machine, that is, the control of the setting of 
operation conditions of the injection machine, and the like. 
That is, in the case of an injection machine, the production 
of good products, for example, sometimes becomes impossible 
not because the machine and the system do not have troubles, 
but because the setting of conditions is wrong. The setting 
of conditions is therefore difficult. For the setting of 
conditions, an action by combination of various kinds of 
conditions is required. Hence, the knowledge and experiences 
of high-level specialists which are totally different from 
those in the case of the trouble diagnosis of vehicles be- 
come necessary. 
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As described above, since the conventional appratuses 
determine a countermeasure plan using a fixed table, they 
cannot provide actions, for example, when there exist coun- • 
termeasure plans vhich conflict with one another, or they 
cannot be applied to the control of injection molding and 
the like. 

It is an object of the present invention to provide a 
control apparatus having a inference function in which it is 
possible to infer countermeasures for problems occurred in a 
machine as an object of control with least human interven- 
tion and to execute the countermeasures inferred. 

It is another object of the present invention to 
provide a control apparatus having an inference function 
which can control the setting of operation conditions of an 
injection machine and the like without having specialized 
knowledge and experiences, and which can deal with various 
situations . 

SUMMARY OF T HR TNVENTION 

A control apparatus having an inference function ac- 
cording to the present invention includes a plurality of 
sensor means for detecting states of respective units of a 
machine as an object of control, input means for inputting 
situations of problems when the problems occur in the 
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machine as an object of control or in a product produced by 
the machine, inference means including storage means storing 
situations of the machine as' 

an object of control and a plurality of various counter- 
measures for the problems, for providing priority order for 
the problems occurred , priority order for causes for the 
problems and priority order for countermeasures for the 
causes according to the states of respective units of the 
machine as an object of control and contents stored in the 
storage means, and for inferring a countermeasure which is 
most suitable, and control means for outputting various 
kinds of control signals for the machine as an object of 
control to the machine as an object of control in accordance 
with the countermeasures inferred by the inference means. 

In another aspect of the present invention, a control 
apparatus includes input means for inputting situations of 
problems in a product, inference means including storage 
means storing the situations of the problems in the product, 
causes corresponding to respective situations of the 
problerass and countermeasure plans corresponding to respec- 
tive causes, for inferring countermeasure plans which are 
most suitable according to contents stored in the storage 
means and the situations of the problems input by the input 
means, display means for displaying the countermeasure plans 
in the process of inference, selection means for selecting 
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an arbitrary countermeasure plan from among the counter- 
measure plans displayed on the display means, and control 
means for performing the control of an injection machine ac- 
cording to a selected countermeasure plan when the counter- 
measure plan has been selected by the selection means, and 
for performing the control of the injection machine accord- 
ing to the most suitable countermeasure plan inferred by the 
inference means when a countermeasure plan has not been 
selected by the selection means* 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a conf igurational diagram showing the entire 
configuration of an embodiment of the present invention; 

FIG. 2 is a conf igurational diagram made by paying at- 
tention to a part of the embodiment; 

FIG* 3 is flowchart showing the entire operation of the 
embodiment ; 

FIG. 4 is a diagram showing a relationship among 
problems, causes and countermeasures ; 

FIG. 5 is an explanatory diagram for explaining the 
operation for providing priority order; 

FIGS. 6, 7, 8, 9, 10 and 11 are detailed flowcharts of 
respective portions in the flowchart shown in FIG. 3; 

FIG. 12 is a flowchart showing the entire operation of 

i 
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another embodiment; 

FIG. 13 is a detailed flowchart of a part of the flow- 
chart shown in FIG. 12; 

FIG. 14 is a conf igurational diagram showing the entire 
configuration of still another embodiment; 

FIG. 15 is a flowchart showing the entire operation of 
the embodiment shown in FIG. 14; 

FIGS. 16 and 17 are detailed flowcharts of respective 
portions in the flowchart shown in FIG. 12; 

FIG. 18 is a conf igurational diagram showing the entire 
configuration of still another embodiment; 

FIG. 19 is a conf igurational diagram made by paying at- 
tention to a part of the embodiment shown in FIG. 18; 

FIG. 20 is a conf igurational diagram showing the entire 
configuration of still another embodiment; and 

FIG. 21 is a conf igurational diagram made by paying at- 
tention to a part of the embodiment shown in FIG. 21. 

DESCRIPTION OF THE PREFERRED EMBODIM ENTS 

An embodiment of the present invention will now be explained 
in detail with reference to the attached drawings. 

FIG. 1 shows an embodiment when the control apparatus 
having an inference function of the present invention is ap- 
plied to a control apparatus for an injection machine. In 
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FIG. 1, the present embodiment is configured by performing 
on-line connection of an injection machine 100, which is a 
machine as an object of control, to a computer 200 which 
constitutes an expert system 20 for supporting the setting 
of molding conditions. The injection machine 100 includes a 
control unit 10. The control unit 10 comprises various kinds 
of sensors 11 for detecting the resin temperature, screw 
position, injection pressure, pressure within a mold and the 
like, molding condition setting unit 12 for setting the 
resin temperature, mold temperature, primary pressure 
(injection pressure), secondary pressure (keeping pressure), 
injection speed, switching position for the primary pres- 
sure, secondary pressure and injection speed, and the like, 
signal control unit for generating a temperature control 
signal, an actuator control signal and the like, a heater 
controlled by the temperature control signal from the signal 
control unit 13, a temperature controller 15, a hydraulic 
valve 16 controlled by the actuator control signal, a ser- 
vomotor, and an interface 18 for the expert system 20 for 
supporting the setting of molding conditions. 

The expert system 20 for supporting the setting of 
molding conditions includes an interface 21 for the control 
unit 10 of the injection machine 100. 

In this apparatus, the resin temperature, screw posi- 
tion, injection pressure, mold pressure and the like for the 
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injection machine 100 are detected by the various kinds of 
sensors 11. The detected outputs are supplied to the expert 
system 20 for supporting the setting of molding conditions 
via the interfaces 18 and 21. The outputs from the various 
kinds of sensors 11 are also supplied to the signal control 
unit 13. The signal control unit 13 forms temperature con- 
trol signals for controlling the heater 14 and the tempera- 
ture controller 15 and actuator control signals for control- 
ling the hydraulic valve 16 and the servomotor 17 in accord- 
ance with ouptuts from the various kinds of sensors 11 and 
the resin temperature, mold temperature, primary pressure, 
secondary pressure, injection speed, each switching position 
set at the molding condition setting unit 12. 

Various kinds of setting values set at the molding con- 
dition setting unit 12 are suppled to the expert system 20 
for supporting the setting of molding conditions via the in- 
terfaces 18 and 21. 

When problems have occurred in the injection machine 
100, the expert system 20 for supporting the setting of 
molding conditions infers the most suitable plan for coun- 
terraeasure for the occurrence of the problems according to a 
procedure, which will be described later, according to the 
situations of the problems input from a keyboard 26, outputs 
from the various kinds of sensors 11 input from the inter- 
face 21 and various kinds of setting values at the molding 
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condition seLling unit 12, and transmits data for changing 
molding conditions to the molding condition setting unit 12 
via the interfaces 21 and 18 in order to execute the coun- 
termeasure plan inferred according to the inference. 

On the display 25, the contents of input data by the 
keyboard 26, the data detected by the various kinds of sen- 
sors 11, the setting data by the molding condition setting 
unit 12, the contents of the inference by the expert system 
20 for supporting the setting of molding conditions and the 
like are displayed. 

FIG. 2 shows the schematic configuration of the expert 
system 20 for supporting the setting of molding conditions 
by functional blocks. The expert system 20 for supporting 
the setting of molding conditions comprises the interface 21 
for the injection machine 100, a knowledge base 22 storing 
molding conditions, situations of problems, a tree of coun- 
termeasures for problems, rules for dissolving problems, 
records of past countermeasures and the like, a user inter- 
face 24 for the display 25 and the keyboard 26, and an in- 
ference engine 23 which performs a desired inference accord- 
ing to the knowledge stored in the knowledge base 22 and 
outputs the result of the inference to the interface 21, the 
user interface 24 and the knowledge base 22. 

When problems have occurred relating to the injection 
machine 100, an operator 27 inputs situations of the 
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problems to the expert system 20 for supporting the selling 
of moldng conditions by the keyboard 2 6 while watching the 
situations on the display 25. The data indicating the situa- 
tions of the problems input from the keyboard 26 supplied to 
and stored in the knowledge base 22 via the user interface 
24. Various kinds of data from the injection machine 100 is 
supplied to and stored in the knowledge base 22 via the in- 
terface 21, The inference engine 23 infers the most suitable 
plan for a countenneasure for the' problems occurred accord- 
ing to the data stored in the knowledge base 22, and sup- 
plies the display unit 25 with the result of the inference 
via the user interface 24. The display unit 25 displays the 
result. The result of the inference is also transferred to 
the injection machine 100 via the interface 21, and molding 
conditions are changed in order to execute the counter- 
measure plan inferred. 

FIG. 3 shows the entire operation of the present em- 
bodiment . 

It is to be noted that, in the present embodiment, in 
general, when a coun termeasure plan having the highest 
priority order for problems occurred is automatically ex- 
tracted and executed, or when a selection and execution 
function for a countenneasure plan by the operator 
(hereinafter termed an "operator* s selection and execution 
function") is selected, a coun termeasure plan can be 



11 



( ■ 



EP 0 377 736 A1 



selected and executed by the judgment of the operator at the 
stage when the selection of a candidate for a countermeasure 
plan has been terminated and at the stage when the provision 
of priority order for countermeasure plans has been ter- 
minated . 

First, the input of the situations of the problems oc- 
curred is performed at step 300. The input of Lhe situations 
of the problems is performed by the keyboard 26 by the 
operator. More specifically, the designation of the 
problems, materials used and the like are sequentially input 
in accordance with inquiries displayed on the display 25 ac- 
cording to a predetermined format. 

Next, at step 301, it is determined whether or not the 
"operator's selection and execution function" has been 
selected. If it has been determined that the "operator's 
selection and execution function" was not selected, the 
process proceeds to step 302. 

At step 302, screening of countermeasure plans for in- 
ferring the most suitable countermeasure plan for the 
problems occurred is performed according to the current 
values of molding conditions automatically input from the 
injection machine 100, the data stored in the knowledge base 
22 and the data indicating the situations of the problems 
occurred which have been input at step 300 described above. 
The screening of. countermeasure plans is performed according 
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to the tree of coun te rmeasure s for problems and the rules 
for dissolving problems stored in the knowledge base 22 as 
the basic knowledge and other stored contents. 

FIG. 4 shows an example of the tree of countermeasures 
for problems. In this tree of countermeasures for problems. 

events Yi , Yz , Y 3 , which represent causes for problems 

are shown corresponding to events. Xi , X2 , -: — which repre- 
sent the problems. Furthermore, events Zi , Zz , Z3 , Za , Zs , 

which represent countermeasure plans for the causes are 

shown corresponding to the events Yi , Y2 , Ya , — which rep- 
resent causes. 

FIG. 4 shows that, for the problem represented by the 
event Xi , for example, the causes represented by the events 
Yi and Yz can be considered. Furthermore, for the cause rep- 
resented by the event Yi , the countermeasure plans repre- 
sented by the events Zi and Zz can be considered, and for 
the cause represented by the event Yz , the countermeasure 
plans represented by the events Za and Z4 can be considered. 

At step 302, the most suitable countermeasure plan is 
inferred according to the contents stored in the knowledge 
base 22. The inference is performed according to the provi- 
sion of priority order for the problems (step 310), the 
provision of priority order for the causes (step 320), and 
the provision of priority order for the plans for counter- 
measures (step 340). More specifically, as shown in FIG. 5, 
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priority order is first provided in the order of counter- 
measures to be taken for the problems input I Xi , X2 , Xa , 

), and a list of problems (X'l, X' 2 , X'a, ) is prepared 

according to the priority order (step 310). Subsequently, a 
list of causes (Y'l, Y'z, Y'a, — > is prepared according 
to the priority order for estimated causes made by estimat- 
ing causes from the situations of the problems for the 
problem X'l having the highest prior i ty order ( s tep 320). 
Furthermore, countermeasure plans which can be considered 
for the cause Y'l having the highest priority order are es- 
timated, and a list of countermeasure plans (Z'l, Z'2, Z*3, 

) is prepared according to the priority order for the 

revised countermeasure plans (step 340). The countermeasure 
plan Z'l having the highest priority order in the list of 
countermeasure plans is thereby selected as the most 
suitable countermeasure plan for the problems input. Molding 
conditions for the injection machine 100 are thereby 
automatically set via the interfaces 21 and 18 in order to 
execute the above-described countermeasure plan Z'l . 

Detailed examples for step 310 for providing the 
priority order for the problems at step 302, step 320 for 
providing the priority order for the causes, and step 340 
for providing the priority order for the countermeasures are 
shown in FIGS. 6, 7 and 8 , respectively. 

That is, in step 310 for providing the priority order 



14 



DOC ID: <EP 0377736A1 J_> 



EP 0 377 736 A1 



for the problems, the specification of the problems input is 
first performed at step 311, and priority order is provided 
for the specified problems Xi , X2 and Xa using a 
"correspondance table for problems versus priority order" 
(not illustrated) stored in the knowledge base 22 at step 
312, as shown in FIG . 6. Subsequently, at step 313, the 
problems for which the priority order has been provided is 
rearranged according to the priority order to provide the 

list for problems (X'l, X*2, X*3, >. In this case, when 

the priority order for problems obtained from the correspon- 
dence table for problems versus priority order is equal, 
priority is given to the problem which has been input ear- 
lier. 

FIG. 7 shows an example of the processing for providing 
priority order for causes when the problem occurred is 
"sink". In FIG. 7, where the problem for the causes of which 
priority order must be provided is "sink", the process first 
proceeds from step 321 to step 322, where it is determined 
whether or not the occurrence of the "sink" is limited to 
locations far from gates. If it has been determined at step 
322 that the occurrence of "sink" is not limited to loca- 
tions far from gates, but spreads over the entire product, 
the process proceeds to step 323, where it is checked 
whether or not materials are properly metered. If there is 
any problem in the metering of materials at this check, the 
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process proceeds to step 324, where it is inferred that the 
cause for the problem having the highest priority order is 
"shortage in the amount of resins". 

On the other hand, if it has been determined that the 
metering of materials is proper at step 323, the process 
branches to step 325, where it is checked whether or not 
the keeping pressure is proper. If it has been determined 
at step 32 5 that there is any problem in the keeping pres- 
sure, the process proceeds to step 326, where it is inferred 
that the cause for the problem is "insufficient keeping 
pressure" . 

If it has been determined at step 325 that the keeping 
pressure is proper, the process branches to step 32 7, where 
it is determined whether or not there occurs "sink" at gate 
portions. If it has been determined at step 327 that there 
occurs "sink" at gate portions, the process proceeds to step 
328, where it is inferred that the cause for the problem is 
"gate seal is too early". If it has been determined at step 
325 that there occurs no "sink" at gate portions, the 
process proceeds to 329, where it is determined whether or 
not the "sink" occurs at thick portions. If it has been 
determined at step 329 that the "sink" does not occur at 
thick portions, the process proceeds to step 328, where it 
is inferred that the cause for the problem is "gate seal is 
too early". If it has been determined that the "sink" occurs 
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at thick portions, the process proceeds to step 330, where 
it is inferred that the cause for the problem is "large 
shrinkage at molding". 

If it has been determined at step 322 that the occur- 
rence of the "sink" is limited to locations far from gates, 
the process branches to step 331, where it is determined 
whether or not the material used is crystalline. If it has 
been determined at step 331 that the material used is 
crystalline, the process proceeds to step 330, where 

it is inferred that the cause for the problem is "large 
shrinkage at molding". If it has been determined at step 331 
that the material used is not crystalline, the process 
proceeds to step 332, where it is determined whether or not 
there exists any thin portion in the midsection. If it has 
been determined at step 332 that there exists some thin por- 
tion in the midsection, the process proceeds to step 333, 
where it is inferred that the cause for the problem is 
"insufficient pressure propagation". If it has been deter- 
mined that there exists no thin portion in the midsection, 
the process proceeds to step 330, where it is inferred that 
the cause for the problem is "large shrinkage at forming". 

Each determination described above is performed accord- 
ing to data directly taken in from the injection machine 100 
via the interface 21 or data input from the keyboard 26 by 
the operator. . 
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In FIG. 7, there has been shown the inference f< 
causes when the problem is "sink". Also for other problems, 
causes are similarly inferred, priority order for causes is 
provided according to the result of the inference, and the 
list of causes (Y'l, Y*2, Y'a , — ) is formed. 

FIG. 8 shows an example of the processing for providing 
priority orders for plans for countermeasures when the 
problem is "sink" and the cause is "insufficient pressure 
propagation" . 

First, at step 341, a list of plans for countermeasures 

(Zi, Z2 , Za , ) for the cause "insufficient pressure 

propagation" is obtained from the tree of countermeasures 
for problems stored in the knowledge base 22. It is assumed 
that the countermeasure plan Zi is "to increase the injec- 
tion pressure byA Pi " , the countermeasure plan Zz is "to in- 
crease the keeping pressure byAPn", and the contermeasure 
plan Z 3 is "to elongate the time for the keeping pressure by 
ATh" , where A Pi, A Ph and ATh are proper values which have 
previously been set. 

Next, at step 342, it is determined whether or not the 
shrinking property of the material used changes with the 
resin temperature. If it has been determined at step 342 
that the shrinking property of the material used changes 
with the resin temperature, the process branches to step 
34 3, where the processing to lower the priority order for 
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the countermeasure plan Zi is performed. 

Next, at step 344, it is determined whether or not the 
flowability of the material used is good. If it has been 
determined at step 344 that the flowability of the material 
used is not good, the process branches to step 345, where 
the processing to raise the priority order for the counter- 
measure plan Zi is performed. 

It is further determined whether or not the occurrence 
of the "sink" is at locations far from gates. If it has been 
determined that the occurrence of the "sink" is at locations 
far from gates, the process branches to step 347, where the 
processing to raise the priority order for countermeasure 
the planss Za and Z 3 is performed. After thus executing each 
determination and each processing, the process proceeds to 
step 348, where the countermeasure plans Zi , Z2 and Z 3 are 
rearranged according to the priority order, and the process- 
ing to prepare the list of countermeasure plans (Z'l, Z*2, 
Z'3, ) is executed. 

In FIG. 8, there has been shown an example of the 
processing for providing priority order for countermeasure 
plans when the problem is "sink" and the cause is 
"insufficient pressure propagation". For other problems and 
causes, priority order for countermeasure plans are 
similarly provided. Also in these cases, each determination 
as described above is performed according to data directly 
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taken in from the injection machine 100 via the interface 21 
or data input from the keyboard 26 by the operator. 

When the most suitable countermeasure plan for the 
problem occurred is selected at step 302 (shown in FIG. 3) 
and the molding conditions for the injection machine 100 is 
automatically set in order to execute the above-described 
countermeasure plan Z'l via the interfaces 21 and 18, the 
process proceeds to step 303, where trial injection by the 
injection machine 100 is performed in a state in which the 
countermeasure plan Z'l is executed. The process then 
proceeds to step 400, where after-treatment for the above- 
described trial injection is executed. A detailed example of 
the after-treatment at step 400 is shown in FIG. 9. 

First, at step 401, it is determined whether or not any 
other problems have occurred relating to the above-described 
trial injection for which the countermeasure plan Z'j was 
executed. If it has been determined at step 401 that no 
other problems occurred, the process proceeds to step 402, 
where it is determined whether or not the problem to be 
processed with the countermeasure plan has gone in a better 
direction. If it has been determined that the problem went 
in a better direction, the process proceeds to step 403, 
where it is determined whether or not the problem to be 
processed with the countermeasure disap- 
peared. If it has been determined that the problem did not 
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disappear, the process proceeds to step 404,. where the cur- 
rent countermeasure plan is continued. If it has been deter- 
mined that the problem disappeared, the process proceeds to 
the processing for countermeasure plans for the next problem 
for which countermeasures have not been executed. 

If it has been determined at step 401 that any other 
problems occurred relating to the above-described trial in- 
jection for which the countermeasure plan Z*i was executed, 
the process branches to step 405, where it is determined 
whether or not the problem newly occurred has a priority or- 
der which is higher than that for the problem for. which it 
was tried to execute the countermeasure. If it has been 
determined at step 405 that the priority order is low, the 
process proceeds to step 402, where a processing similar to 
that described above is executed. If it has been determined 
at step 405 that the priority order for the problem newly 
occurred is higher than that for the problem for which it 
was tried to execute the countermeasure, the step branches 
to step 406, where it is determined whether or not there are 
any plans for countermeasures which have not been adopted 
yet in the list of countermeasure plans inferred at step 301 
(shown in FIG. 3). If it has been determined at step 406 
that there are countermeasure plans which have not been 
adopted yet at step 406, the process proceeds to step 407, 
where the plan countermeasure plan having the highest 
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priority order among counter-measure plans which have not 
been adopted yet is selected, and the processing to switch 
to this countermeasure plan is executed. For example, when 
the countermeasure plan Z'l in the above-described list of 
countermeasure plans (Z'l, Z' 2 , Z's — ) has been executed 
and the process has proceeded to step 407, the counter- 
measure plan Z'l is removed from the list of countermeasure 
plans, the countermeasure plan Z'z is selected from the list 

of remaining countermeasure plans (Z*2, Z*3, >» and the 

processing to switch from the countermeasure plan Z'l to the 
countermeasure plan Z'z is executed. 

If it has been determined at step 406 that there is no 
countermeasure plans which have not been adopted yet at step 
406, the process proceeds to step 408, where it is deter- 
mined whether or not there are any causes which have not 
been adopted yet. If it has been determined that there are 
any causes which were not adopted yet at step 408, the 
process proceeds to step 409, where the cause having the 
highest priority order among the causes which have not been 
adopted yet is selected, and the processing to switch to the 
processing according to this cause is executed. For example, 
when all the countermeasure plans in the above-described 

list of countermeasure plans (Z'l, Z' 2 , Z's, > have been 

adopted, the already-adopted cause Y'l is removed from the 
list of causes (Y'x, Y»2 , Y»», >. the cause Y'a having 
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the highest priority order is selected from the list of 

remaining causes (Y'2, Y'3, ), and the processing to 

adopt the cause Y'2 in place of the cause Y'l is executed. 
If it has been determined at step 408 that there remain no 
causes which were not adopted yet, the situation is named 
"failure", and a predermined processing based thereon is 
performed . 

If it has been determined at step 402 that the problem 
did not go in a better direction, the process branches to 
step 406, where a processing similar to that described above 
after step 406 is performed. 

When it has been determined at step 402 that the 
problem went in a better direction due to the execution of 
the countermeasure plan Z»i (i = 1, 2, 3, — ), the record 
is collected as the record A of the countermeasure at step 
410. When the problem did not go in a better direction, the 
record is collected as the record B of the countermeasure at 
step 411. When other problem occurred due to the execution 
of the countermeasure plan Z'l at step 401, the record is 
collected as the record C of the countermeasure at step 
412. 

Each determination shown in FIG. 9 is performed accord- 
ing to data input from the keyboard 26 by the operator, data 
directly input from the injection machine 100 via the inter- 
face 21, and the data stored in the knowledge base 22. 
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The records A, B and C of the counter-measures collected 
at steps 410, 411 and 412, respectively, are used for infer- 
ring the possibility for the occurrence of problems due to 
the execution of the countermeasure plan Z'i. 

FIG. 10 shows the above-described processing for infer- 
ring the possibility for the occurrence of problems. 

First, at step 500, it is determined whether or not 
there is a record in which the problem went in a better 
direction as a result of the execution of the countermeasure 
plan Z'i according to the record A of the countermeasure. If 
there is a record in which the problem went in a better 
direction at step 500, the process branches to step 501, 
where the possibity for the betterment is calculated. It is 
determined whether or not the result of the calculation for 
the possibility is "small" at step 502. If it has been 
determined at step 502 that the possibility is not "small", 
the process proceeds to step 503, where the possibility for 
the occurrence of the problem is "large". 

When it has been determined that there is not record of 
betterment in the record A of the countermeasure at step 
500, and it has been determined that the possibility is 
"small" at step 502, the process proceeds to step 504, where 
it is determined whether or not there is any record that the 
problem to be processed with the countermeasure plan went in 
direction due to the execution of the countermeasure 
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24 



0377736A 1 I _> 



EP 0 377 736 A1 



• >• • i c 



plan Z'i according to the record B of the coun termeasure . If 
it has been determined at step 504 that there is a record of 
going in a worse direction, the process proceeds to step 
505, where the possibility for going in a worse direction is 
calculated. It is determined whether or not the result of 
the calculation is "small" at step 506. If it has been 
determined at step 506 that the result of the calculation is 
not "small", the process proceeds to step 507, where it is 
inferred that the possibility for the occurrence of the 
problem is "large". 

When it has been determined at step 504 that there is 
no record of going in a worse direction in the record B of 
the countermeasure, and it has been determined that the pos- 
sibility is "small" at step 506, the process proceeds to 
step 508, where it is determined whether or not there is any 
possibility for the occurrence of the problem due to the ex- 
ecution of the countermeasure plan Z'i. If it has been 
determined at step 508 that there is no possibility of the 
occurrence of the problem, the process proceeds to the 
processing for inferring the possibility for the next 
problem • 

If it has been determined at step 508 that there is any 
possibility for the occurrence of the problem, it is deter- 
mined whether or not the problem occurred in the past ac- 
rding to the records A, B and C of coun termeasures at the 
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next step 509. If it has been determined at step 509 that 
the problem did not occur in the past, the process branches 
to step 510, where it is determined whether or not the 
problem occurred has the countermeasure plan Z'i which is 
contrary to the countermeasure plan Z'i. IT it has been 
determined at step 510 that the problem does not have the 
countermeasure plan Z 1 i , the process proceeds to step 511, 
where it is inferred that the possibility for the occurrence 
of the problem is "small". 

If it has been determined at step 509 that the problem 
occurred in the past, it is determined whether or not the 
problem has the countermeasure plan Z^i which is contrary to 
the countermeasure plan Z'i at the next step 513. If it has 
been determined at step 513 that the problem does not have 
the countermeasure plan Z* i , the process proceeds to step 
514, where it is inferred that the possibility for the oc- 
currence of the problem is "large". 

When it has been determined at step 510 that the 
problem has the countermeasure plan Z^i and it has been 
determined at step 513 that the problem has the counter- 
measure plan Fx, the process proceeds to steps 512 and 515, 
respectively. In this case, it is determined that the pos- 
sibility for the occurrence of the problem is "uncertain". 

If it has been inferred whether the possibility for the 

_ , , -j „ "laree" or "small" according to 

occurrence of the problem is .Large 
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the flowchart shown in FIG. 10, the processing shown in FIG. 
11 is executed according the result of the inference. 

In FIG. 11, first, it is determined whether or not the 
possibility for the occurrence of the problem is "large" at 
step 600. If it has been determined at step 600 that the 
possibility for the occurrence of the problem is not 
"large", the process proceeds to step 601, where the 
processing to continue the current countermeasure plan is 
executed. 

If it has been determined at step 600 that the pos- 
sibility for the occurrence of the problem is "large", it is 
determined whether or not the problem occurred is a serious 
problem at the next step 602. If it has been determined at 
step 602 that the problem is not a serious problem, the 
process proceeds to the above-described step 601, where the 
processing to continue the current * countermeasure plan is 
executed. To the contrary, if it has been determined at step 
602 that the problem is a serious problem, the process 
branches to step 603, where it is determined whether or not 
the unit of modification for the countermeasure plan Z'l 
is minute. If it has been determined at step 603 that the 
unit is not minute, the process proceeds to step 604, where 
the unit of modification is reduced to one half. If it has 
been determined at step 603 that the unit is minute, the 
process proceeds to step 605, where the processing to switch 
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to other countermeasure plan is executed (that is, the 
priority order for this countermeasure plan is lowered). 

When one problem has thus been released, the provision 
of priority order for causes, the provision of priority or- 
der for countermeasure plans, trial injection and after- 
treatment are performed for remaining problems which cur- 
rently occur, and this operation is repeated until the list 
of problems becomes vacant. 

At step 301 shown in FIG. 3, if it has been determined 
that the "operator's selection and execution function", 
which makes possible the selection and execution of a coun- 
termeasure plan by the operator, was selected, the process 
proceeds to step 304. At step 304, the provision of priority 
order for the problems input is executed. The processing for 
providing priority order for problems at step 304 is identi- 
cal to the processing for providing priority order for 
problems at the above-described step 310. That is, by ex- 
ecuting a processing identical to the processing shown in 
FIG. 6, a predetermined processing for providing priority 

order is performed for the problems Xi , Xz , Xa , occurred 

(the problems input at step 300) to obtain the list of 

problems (X'i, X'2, X'3 , )• 

Next, the process proceeds to step 305, where the 
processing for selecting candidates for plans for counter- 
measures is executed. 
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The processing for selecting candidates for counter- 
measure plans is performed as follows. First, at step 350, 

the candidates Z'l, Z'2. Z's, for countermeasure plans 

for the problem X'l are selected using the tree of counter- 
measure plans for problems to prepare a list of candidates 

for countermeasure plans (Z'l , Z*2, Z'3, )• Then, 

step 351, prediction of problems which have the possibility 
to newly occur when respective countermeasure plans Z ' l ,• 

Z*2, Z*3, are executed. The prediction for problems is 

achieved by performing a processing similar to the above- 
described processing shown in FIG. 10. The countermeasure 

plans Z'l, Z'2, Z'3, selected at step 350 and the 

problems predicted to newly occur due to the execution of 
respective countermeasure plans Z'l, Z'2, Z'3, at step 

351 are displayed on the display 25 shown in FIG. 2 at step 
352. 

As described above, at step 305 for the processing for 
selecting candidates for countermeasure plans, the selection 
of the candidates Zi , Z2 , Z 3 , — for countermeasure plans 
for the problem X'l having the highest priority order among 
the problems Xi , X2 , X 3 , — input and the prediction for 
problems which will newly occur due to the execution of the 
selected countermeasure s are performed, and the selected 
candidates Zi , Z2 , Zs , — for countermeasure plans are dis- 
played on the display 25 shown in FIG. 2 together with the 
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predicted problems. 

At step 305, the operator can select a 
countermeasure plan while watching the display on the dis- 
play 25 (step 306). If a countermeasure 
plan has been selected from among the candidates displayed 
on the display 25 by the operator, molding conditions for 
the injection machine 100 are automatically set in accord- 
ance with the selected countermeasure plan. 

Subsequently, the process proceeds to step 307, where 
it is determined whether or not the selection of a counter- 
measure plan has been performed at step 306. If it has been 
determined at step 307 that a countermeasure plan was 
selected, the process immediately proceeds to step 303, 
where trial injection is performed according to the molding 
conditions which have automatically been set as described 
above. The process then proceeds to step 400, where 
predetermined after- treatment is performed. The detail of 
the after-treatment is as described before. 

If it has been determined at step 307 that the selec- 
tion of a countermeasure plan was not performed at step 306, 
the process branches to step 308, where the processing for 
providing priority order for candidates for countermeasure 
plans is executed. As to the processing for providing 
priority order for candidates for countermeasure plans, 
first, the screening of the cause Y for the problem X'l and 



30 



0377736AU_> . ''••.*.'- 



EP 0 377 736 A1 



the processing for providing priority order are performed at 
step 380. This processing at step 380 is similar to the 
processing for providing priority order for causes at step 
320 described above. That is, causes are estimated for the 
problem X'i having the highest priority order according to 
the "rules for dissolving problems", priority order is 
provided for the causes inferred, and a list of causes ( Y 1 l 

Y*2 , Y'3, ) is formed. An example of the inference for 

forming the list for causes is shown in FIG. 7 described 
above . 

Next, priority order for candidates for countermeasure 
plans for the cause Y'l is provided at step 381. The 
processing at step 381 is identical to the processing for 
providing priority order for countermeasure plans at step 
340 described above. That is, countermeasure plans which can 
be considered for the cause Y'l having the highest priority 
order are estimated according to the "rules for dissolving 
problems", priority order is provided for countermeasure 
plans inferred, and a list of countermeasure plans (Z'l, 
Z f z , Z*3, ) is prepared. 

Subsequently, the process proceeds to step 382. where 
the countermeasure plans Z'l, Z'z, Z'a, — - provided with 
priority order at step 381 are displayed on the display 25 
shown in FIG. 2. Furthermore, at step 382, new problems pre- 
dicted to occur due to the execution of the respective coun- 
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termeasure plans Z'l, Z'2, Z'a, may be inferred, and 

displayed together. 

The process then proceeds to step 309. At step 309, it 
is possible to select either one of the countermeasure plans 
Z'l, Z'e, Z'3, displayed at the above-described step 382 

by the operator. 

If the selection of a countermeasure plan has been per- 
formed by the operator at step 309, moldng conditions for. 
the injection machine 100 is automatically set in accordance 
with the selected countermeasure plan. 

The process then proceeds to step 391, where it is 
determined whether or not the selection of a countermeasure 
plan by the operator at step 309 has been performed. If it 
has been determined at step 391 that the selection of a 
countermeasure plan by the operator was performed, the 
process immediately branches to step 303, where trial injec- 
tion is performed under the molding conditions which have 
automatically been set as described above. The process then 
proceeds to step 400, where predetermined after-treatment is 
performed. 

If it has been determined at step 391 that the selec- 
tion of a countermeasure plan by the operator was not per- 
formed, the process proceeds to step 392, where the process- 
ing for adopting the countermeasure plan Z'l having the 
highest priority order which has been inferred at step 381 



32 



- v. i' 



DOCID: <EP 



EP 0 377 736 A1 



is performed. That is, in this case, by the adoption of the 
countermeasure plan Z'l, molding conditions for the injec- 
tion machine 100 are automatically set in accordance with 
the countermeasure plan Z'l. 

Subsequently, the process proceeds to step 303, where 
trial injection is performed under the molding conditions 
which have automatically been set as described above, and 
the process then proceeds to step 400, where predetermined 
after- treatment is performed. 

Thus, the operator can automatically set the most 
suitable molding conditions for the injection machine 100 
only by inputting or selecting data using the keyboard 26, 
if necessary, for inquiries via the display 25. Furthermore, 
at steps 306 and 309, arbitrary selection of a counter- 
measure plan by the operator while watching a display on the 
display 25 becomes possible. Accordingly, when the operator 
is an expert in injection molding, it is possible to in- 
stantly execute a countermeasure plan with omitting in- 
quiries to be subsequently performed by selecting the coun- 
termeasure plan from among the countermeasure plans dis- 
played at steps 306 and 309, and the determination for the 
countermeasure plan can be performed through a minimum num- 
ber of responses. 

FIG. 12 shows another embodiment of the present inven- 
tion in the flowchart of the entire operation. The present 
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embodiment is configured by adding the processing for the 
selection of common countermeasures shown at step 315 to the 
embodmient shown in FIG. 3. 

In the added step 315, the processing for selecting 
common countermeasures for a plurality of problems input is 
executed. 

FIG. 13 shows an example of the processing for select- 
ing common countermeasures shown at step 315. In FIG. 13, 
first, a list of candidates ( Ci , Ca , C 3 , — ) for counter- 
measures for the problem Xi l having the highest priority or- 
der is obtained at step 700. The list of candidates for 
countermeasures is prepared using the tree of counter- 
measures for problems stored in the knowledge base 22. 

Next, at step 701, the effectiveness of the respective 
candidates Ci , Cz , Cs , — for countermeasures for other 
problems Xix, Xiz, Xi 3 , — is inferred from the above- 
described tree of countermeasures for problems, and a list 
CX of other problems for which countermeasures can be taken 
in common is prepared. The preparation of the list CX of 
problems is performed by sequentially determining whether or 
not the respective candidates Ci , Cz , C 3 , — for counter- 
measures are effective for the other problems Xi 2 , Xi 3 , 
That is, first, it is determined whether or not a candidate 
Ck (k = 1, 2, 3, — ) for a coutermeasure is effective for 
the problem X» , (j = 2, 3, ) at step 710. If it has been 
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determined at step 710 that the candidate Ck for a counter- ' 
measure is effective for the problem Xt j , the process 
proceeds to step 720, where the problem Xi j is added to a 
list CXk (k = 1, 2, 3, ) of problems for which a counter- 
measure can be taken by the candidate Ck for a counter- 
measure. By executing the above-described processing for all 
the candidates for countermeasures and problems input, a 
plurality of list CXk of problems for which countermeasures 
can be taken by respective candidates Ci , C2 , Ca , for 
countermeasures are formed. 

Subsequently, the process proceeds to step 702, where a 
list of candidates for countermeasures < Zi , Z2 , Za , ) 
which are effective in common for the largest number of 
problems is prepared using the plural lists for problems CXk 
formed at step 701. When the selection of common counter- 
measures has been performed at step 315, that is, when the 
list of candidates for countermeasures (Zi, Z2 . Z3 , ) 
which are effective in common for the largest number of 
problems has been formed, the process proceeds to the next 
step 320, where the processing for providing priority order 
for causes is executed. The process then proceeds to step 
340, where the processing for providing priority order for 
countermeasures is executed. The contents of the processing 
at steps 320 and 340 are nearly identical to those shown in 
FIG. 3 or FIG. 10. The processing at these steps is per- 
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formed basically according to the above-described rules for 
dissolving problems stored in the knowledge base 22. In the 
present embodiment, however, the above-described processing 
for providing priority order for causes and countermeasures 
is performed according to the list of candidates for coun- 
termeasures (Zi, Z2, Za , ) which are effective in common 

for the largest number of problems which has been formed at 
step 315 . 

Thus, in the present embodiment, when a plurality of 
problems simultaneously occur, a function for screening 
countermeasures which are common for these problems is 
added. Hence, it becomes possible to .process the most 
suitable countermeasure in a short time. 

FIG. 14 shows still another embodiment of the present 
invention. In the present embodiment, an expert system for 
supporting the setting of molding conditions is subjected to 
off-line connection to an injection machine as an object of 
control. Furthermore, in the present embodiment, the expert 
system has a function which can determine countermeasure 
plans capable of simultaneously improving a plurality of 
problems, when these problems similarly occur. In addition, 
in the present embodiment, by recording changes in situa-. 
tions of problems due to the execution of countermeasures 
and referring to this record when the subsequent counter- 
measure plans are determined, the system is configured so 
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that the possibility for failure is largely lowered and 
problems can be improved more promptly. 

The expert system 20 for supporting the setting of 
molding conditions comprises a knowledge base 22 which 
stores molding conditions, situations of problems, a tree of 
countermeasures for problems, rules for dissolving problems, 
records of past countermeasures and the like, a display 25, 
a user interface 24 for a keyboard 26, an inference engine 
23 whicli performs a desired inference according to the 
knowledge stored in the knowledge base 22 and outputs the 
result of the inference to the interface 21. the user inter- 
face 24 and the knowledge base 22. 

When problems occur in a product formed by an injection 
machine, an operator 27 input situations of the problems to 
the expert system 20 for supporting the setting of molding 
conditions by the keyboard 26 while watching the display 25. 
The data indicating the situations of the problems input 
from the keyboard 26 are added to and stored in the 
knowledge base 22 via the user interface 24. 

The inference engine 23 infers the most suitable coun- 
termeasure for the problems occured based on the data input 
from the keyboard 26 by the operator 27 according to the 
data stored in the knowledge base 22 and predetermined in- 
quiries, adds the result of the inference to the display 25 
via the user interface 24. The display 25 displays the 
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result. 

FIG. 15 shows the flowchart of the entire operation of 
the present embodiment. 

First, at step 800, a function for selecting and ex- 
ecuting countermeasure plans by the operator is selected. 
Subsequently, at step 801, the situations of the problems 
are input. The input of the situations of the problems is 
performed by the keyboard 26 by the operator. More specifi- 
cally, the designation of the problems, materials used and 
the like are sequentially input in response to inquiries' 
which are displayed on the display 25 in accordance with a 
predetermined format. 

Next, at step 802, the processing for providing 

priority order for the problems Xi , X2 , X3 , input at 

step 801 is executed. The processing for providing priority 
order is identical to that shown in FIG. 6. That is, 
priority order is determined for the problems Xi , Xz , Xa , 
— occurred using a correspondence table for problems ver- 
sus priority order which has previously been prepared, the 
problems Xi , X* , X3 , — are rearranged according to the 
priority order, and a list of problems (X'l, X'z, X*3 — > 
is prepared. 

The process then proceeds to step 803 , where the 
processing for selecting candidates for countermeasure plans 
is executed. The detail of the processing for selecting can- 
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didates for counter-measure plans is shown in FIG. 16. 

In FIG. 16, first, at step 830, it is determined 
whether or not a counter-measure for a plurality of problems 
is taken. If it has been determined at step 

830 that a countermeasure for a plurality of problems is not 

taken, the process proceeds to step 831, 
where candidates for countermeasure plans for the problem 
X'l having the highest priority order are obtained using the 
tree of countermeasures for problems stored in the knowledge 
base 22. 

If it has been determined at step 830 that a counter- 
measure for a plurality of problems is 

taken, the process proceeds to step 832, where counter- 
measure plans which are common for the problems X'l, X»2, 
x . 3) occurred are obtained using the tree of counter- 
measures for problems stored in the knowledge base 22. 

At step 833, problems which have possibility to newly 
occur and changes in the current problems when the counter- 
measureplans obtained at step 831 or step 832 are executed 
are predicted, the prediction is performed according to the 
records of past countermeasures stored in the knowledge base 
22. As a concrete example of the prediction, the processing 
shown in FIG. 10 described above may, for example, be used. 

If problems supposed to newly occur due to the execu- 
tion of respective countermeasure plans have been predicted 
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at step 833, the process then proceeds to step 834. At step 
834, the candidates for countermeasure plans obtained at 
step 831 or step 832 are displayed on the display 25 
together with the result of the prediction at step 833. 

Also at step 834, the operator 27 can select and ex- 
ecute a countermeasure plan displayed on the display 25 by 
operating the keyboard 26 and the like. 

Next, the process proceeds to step 804. At step 804, it 
is determined whether or not the operator has selected and 
executed a countermeasure plan according to the processing 1 
for selecting a candidate for a countermeasure plan at step 
803. If it has been determined at step 804 that a counter- 
measure plan has not been selected and executed, the process 
proceeds to step 805, where the processing for providing 
priority order for countermeasure plans is executed. The 
detail of the processing for providing priority order for 
countermeasure plans is shown in FIG. 17. 

In FIG. 17, first, at step 850, priority order for can- 
didates for causes for the problem X'l having the highest 
priority order are provided. At step 850, causes Yi , Y 2 , Ya , 

for the problem X*i are inferred according to the rules 

for dissolving problems stored in the knowledge base 22. 
priority order is provided for the causes Yi , Y 2 . Y3 , — 
inferred, and the causes are rearranged according to the 
priority order to prepare a list of causes (Y'l, Y' 2 , Y'a, 
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). As a detailed example of the processing for providing 

priority order for causes, the processing similar to that 
shown in FIG. 7 described above may be used. 

Next, the process proceeds to step 851, where the 
processing for providing priority order for candidates for 
countermeasure plans for the cause Y'l having the highest 
priority order is executed. As for the processing for 
providing priority order for candidates for countermeasure 
plans, candidates for countermeasure plans fox- the cause Y'i 
are inferred according the rules for dissolving problems 
stored in the knowledge base 22, predetermined processing 
for providing priority order is performed ror the candidates 
for countermeasure plans inferred, and a list of counter- 
measure plans (Z'l, Z'2, Z'a, ) is prepared. 

Subsequently, the process proceeds to step 852, where 

the candidates Z'l, Z*2 Z'a, for countermeasure plans 

are displayed on the display 25. At step 851, 

whether or not problems newly occur due to the execution of 
respective countermeasure plans may be predicted, and the 
result of the prediction may be displayed together with the 
above-described candidates for countermeasure plans. 

Also at step 852, the operator can select and execute a 
countermeasure plan displayed on the display 25 by operating 
the keyboard 26 and the like. 

Subsequently, at step 806, it is determined whether or 
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not the above-described selection and execution of a coun- 
ternieasure plan by the operator have been performed. If it 
has been determined at step 806 that the selection and ex- 
ecution of a countermeasure plan were not performed, the 
process proceeds to step 807. At step 807, the most suitable 
countermeasure plan inferred at step 805 is displayed. 

when a countermeasure plan has been selected and ex- 
ecuted at step 804, or when a countermeasure plan has been 
selected and executed at step 806, trial injection is per- 
formed at step 808. After the trial injection, the process, 
proceeds to step 809, where after-treatment is executed. 

The after-treatment is performed by inputting changes 
in situations of problems in response to inquiries from the 
system 20. That is, when problems having higher priority or- 
der compared with the problem as the object occur, or when 
the situation goes in a worse direction, changes in molding 
conditions due to the countermeasure plan Z f « executed are 
returned to original values, the leading plan for a counter- 
measure is removed from the above-described list of counter- 
measure plans to provide a list (Z' 2 , Z'a, — ), and the 
countermeasure plan is switched to Z'l. If the list of coun- 
termeasure plans becomes vacant, the leading cause is 
removed from the above-described list of causes to provide a 
list (Yi, Y'3, — ), the cause is switched to Y'i, and 
priority order for countermeasure plans is provided again. 
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If the current problem disappears in the course of this pro- 
cedure, priority order for causes is provided for remaining 
problems which currently occur, and the above-described pro- 
cedure is repeated until the list of problems becomes 
vacant . 

Thus, according to the present embodiment, it is pos- 
sible Lo easily infer the most suitable counter-measure plan, 
to perform the selection and execution by the operator even 
in the course of inference, and to promptly determine a 
countermeasure plan. 

FIG. 18 shows still another embodiment of the present 
invention. In the present embodiment, a mold temperature 
controller 150 as well as an injection machine 100 are sub- 
jected to on-line connection to a computer 200. That is, an 
injection machine 100 includes a control unit 10, which com- 
prises various kinds of sensors 11 for detecting the resin 
temperature, screw position, injection pressure, pressure 
within a mold and the like, a molding condition setting unit 
12 for setting the resin temperature, mold temperature, 
primary pressure (injection pressure), secondary pressure 
(keeping pressure), injection speed, switching position for 
the primary pressure, secondary pressure and injection 
speed, and the like, a signal control unit 13 for generating 
a temperature control signal, an actuator control signal and 
the like, a heater 14 controlled by the temperature control 
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signal from the signal control unit 13, a hydraulic valve 
controlled by the actuator control signal, a servomotor 17 
and an interface 18 for the expert system 20 for supporting 
the setting of molding conditions. 

The mold temperature controller 150 includes a control 
unit 30, which comprises a mold temperature setting unit 152 
for setting mold temperature, a signal control unit 153 re- 
generating a temperature control signal and the like, a 
heater 154 controlled in accordance with the control signal 
generated from the signal control unit 153, a valve 155, and 
an interface 151 for the expert system 20 for supporting the 
setting of molding conditions. 

The expert system 20 for supporting the setting of 
molding conditions includes an interface 21 for the control 
unit 10 of the injection machine 100. 

In this apparatus, the resin temperature, screw posi- 
tion, injection pressure, mold pressure and the like for the 
injection machine 100 are detected by the various kinds of 
sensors 11, detected outputs of which are supplied to the 
expert system 20 for supporting the setting of molding con- 
ditions via the interfaces 18 and 21. The outputs from the 
various kinds of sensors 11 are also supplied to the signal 
control unit 13. The signal control unit 13 forms tempera- 
ture control signals for controlling the heater 14 and the 
temperature controller 150 and actuator control signals for 
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controlling the hydraulic valve 16 and the servomotor 17 in 
accordance with outputs from the various kinds of sensors 11 
and the resin temperature, cooling time, primary pressure, 
secondary pressure, injection speed, each switching position 
set at the molding condition setting unit 12. 

Various kinds of setting values set at the molding con- 
dition setting unit 12 are supplied to the inferface 21 for 
the expert system 20 for supporting the setting of molding 
conditions via the interface 18. 

The signal control unit 153 in the control unit 30 in 
the mold temperature controller 150 generates control sig- 
nals for controlling the heater 154 and the valve 155 in ac- 
cordance with the mold temperature set at the mold tempera- 
ture setting unit 152. The mold temperature set at the mold 
temperature setting unit 152 is supplied to the interface 21 
for the expert system 20 for- supporting the setting of mold- 
ing conditions via the interface 151. 

When problems occur, the expert system 20 for support- 
ing the setting of molding conditions infers the most 
suitable countermeasure for the occurrence of the problems 
according to the situations of the problems input from the 
keyboard 26, outputs from the various kinds of sensors 11 
input from the interface 21, various kinds of setting values 
at the molding condition setting unit 12 and a set value for 
the mold temperature at the mold temperature setting unit 
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152, and transmits data for changing molding conditions to 
the molding condition setting unit 12 and the mold tempera- 
ture setting unit 152 via the interfaces 21 and 18 or the 
interface 151 in order to execute the inferred counter- 
measure according to the inference. 

On the display 25, the contents of input data by the 
keyboard 26, the data detected by the various kinds of sen- 
sors 11, the setting data by the molding condition setting 
unit 12, the setting data by the mold temperature setting 
unit 152, the contents of inference by the expert system 20 
for supporting the setting of molding conditions and the 
like are displayed. 

FIG. 19 shows the schematic configuration of the expert 
system 20 for supporting the setting of molding conditions 
by functional blocks. The expert system 20 for supporting 
the setting of molding conditions comprises the interface 21 
for the injection machine 100, a knowledge base 22 storing, 
molding conditions, situations of problems, a tree of coun- 
termeasures for problems, rules for dissolving problems, 
records of past countermeasures and the like, a user inter 
face 24 for the display 25 and the keyboard 26, and an in- 
ference engine 23 which performs a desired inference accord- 
ing to the knowledge stored in the knowledge base 22 and 
outputs the result of the inference to the interface 21, the 
user interface 24 and the knowledge base 22. 
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When problems have occurred ixi a producL made by the 
injection machine 100, an operator 27 inputs situations of 
the problems to the expert system 20 for supporting the set- 
ting of molding conditions by the keyboard 26 while watching 
the situations on the display 25. The data indicating the- 
situations of the problems input from the keyboard 26 is 
supplied to and stored in the knowledge base 22 via the user 
interface 24. Various kinds of data from the injection 
machine 100 are supplied to and stored in the knowledge base 
22 via the interface 21. The inference engine 23 infers the 
most suitable countermeasure plan for the problems occurred 
according to the data stored in the knowledge base 22, and 
supplies the display unit 25 with the result of the in- 
ference via the user interface 24. The display unit 25 dis- 
plays the result. The result of the inference is also trans- 
ferred to the injection machine 100 and the mold temperature 
controller 150 via the interface 21, and molding conditions 
are changed in order to execute the countermeasure plan in- 
ferred . 

FIG. 20 shows still another embodiment of the present 
invention. In the present embodiment, an automatic designing 
apparatus { CAD for a mold) 160 for a mold and an image 
processing apparatus 170 as well as the injection machine 
100 are subjected to on-line connection to the computer 200, 
which automatically determines situations of problems in a 
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product, and the result of the determination is automati- 
cally input to the expert system 20 for supporting the set- 
ting of molding conditions. 

First, since the configuration of the control unit 10 
in the injection machine 100 is similar to that shown in 
FIG. 1, a detailed explanation thereof will be omitted. 

The CAD 160 for a mold includes a storage unit 161 for 
storing CAD data for shapes indicating the shapes of molds, 
data indicating the designation of materials and the like. 
These CAD data for shapes, data for the designation of 
materials and the like are transmitted to the expert system 
for supporting the setting of molding conditions via the in- 
terface 162. 

The image processing apparatus 170 includes a process- 
ing unit 172, which compares the shape of a molded product- 
(a product) taken out of a mold which has been input via an 
image input apparatus 171, such as a television camera or 
the like, with data for the shape of the molded product 
which have been formed according to the CAD data for the 
shape from the above-described storage unit 161 in the CAD 
160 for a mold to identify problems in the product, and 
transmits data indicating the problems to the expert system 
20 for supporting the setting of molding conditions. That 
is, image data indicating the shape of the molded product 
input via the image input apparatus 171 are input to and 
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stored in an image data memory 174. The expert system 20 for 
supporting the setting of molding conditions forms data for 
the shape of the molded product according to the CAD data' 
for the shape sent from the storage unit 161 in the CAD 160 
for a mold, and stores the data for the shape of the molded 
product in a memory 179 for data for the shapes of molded 
products in the processing unit 172 via the interface 21 and 
an interface 178. An image processing unit 175 compares 
image data stored in the image data memory 174 with data 
stored in the memory 179 for data for the shapes of molded 
products, and recognizes problems in the product by a 
problem recognizing unit 176. The problems in the product 
recognized by the problem recognizing unit 176 are stored in 
a memory 177 for situations of problems, and are transmitted 
to the expert system 20 for supporting the setting of mold- 
ing conditions via the interface 178. 

The expert system 20 for supplying the setting of mold- 
ing conditions infers the most suitable coun teruieasure plan 
for the problems occurred according to the situations of the 
problems in the product input from the processing unit 172 
in the image processing apparatus 170, outputs from various 
kinds of sensors 11 input from the control unit 10 in the 
injection machine 100 and various kinds of setting values at 
the molding condition setting unit 12. 

In order to execute the countermeasure plan inferred at 
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the expert system 20 for supporting the setting of molding 
conditions, data for resetting molding conditions are trans- 
mitted to the molding condition setting unit 12 in the con- . 
trol unit 10 in the injection machine 100. 

FIG. 21 shows the schematic configuration of the expert 
system 20 for supporting the setting of molding conditions 
in functional blocks. The expert system 20 for supporting 
the setting of molding conditions comprises an interface 21 
for the injection machine 100, the CAD 160 for a mold and 
the image processing apparatus 170, a knowledge base 22 
which stores the shapes of molded products, molding condi- 
tions, situations of problems, a tree of countermeasures for 
problems, rules for dissolving problems and the like, and an 
inference engine 23 which performs a desired inference ac- 
cording to the knowledge stored in the knowledge base 22 and 
outputs the result of the inference to the interface 21 and 
the knowledge base 22. 

Various kinds of data from the injection machine 100, 
data from the CAD 160 for a mold and data from the image 
processing apparatus 170 are supplied to and stored in the 
knowledge base 22 via the interface 21. The inference engine 
23 infers the most suitable countermeasure plan for problems 
occurred according to the data stored in the knowledge base 
22. As for the detail of this inference, a method similar to 
that in other embodiments described before may be used. 
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As described above, according to the present embodi- 
ment, inputs of problems and responses for inquiries relat- 
ing to the problems by the operator become unnecessary, and 
the injection machine is controlled in the most suitable 
state without intervention of the operator. 

Although, in the embodiments described above, explana- 
tions have been provided of cases in which the present in- 
vention is applied to the setting of molding conditions for 
injection machines, the present invention may of course be 
applied similarly to the setting of operation conditions for 
laser cutting machines, plasma cutting machines, various 
kinds of presses and the like. 

Furthermore, although, in the embodiments described 
above, explanations have been provided of cases in which the 
present invention is applied to the setting of operation 
conditions of injection machines, these are only some ex- 
amples to which the present invention is applied. Each part 
of a machine as an object of control may, for example, be 
directly controlled by the apparatus of the present inven- 
tion. That is, according to the present invention, a machine 
as an object of control can be operated in the most suitable 
state without a need for particular knowledge and skill, 
and, at the same time, portions for which human judgment are 
required is made as small as possible. Hence, it is possible 
to consider various modified examples according the present 
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POSSIBILITY FOR IND USTRIAL UTILIZATION 

According to the present invention, when problems in a 
machine as an object of control and problems in a product 
produced by the machine as an object of control occur, it is 
possible to promptly execute proper processing. Furthermore, 
any particular skill is unnecessary for the operation of an 
apparatus according to the present invention, and it is pos- 
sible to effectively operate a machine as an object of judg- 
ment in the most suitable state even if no high-level 
specialists exist. For example, when the present invention 
is applied to the setting of operation conditions for an in- 
jection machine, it is possible to set the operation condi- 
tions in the most suitable state in a short time without 
having any particular knowledge and skill. In addition, 
since the apparatus of the present invention has a con- 
figuration in which experiences are newly accumulated 
sequentially within the apparatus, it also becomes possible 
to succeed and accumulate the related technique. 
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What is claimed is: 

1. A control apparatus having an inference function 
comprising : 

a plurality of sensor means for detecting states of 
respective units of a machine as an object of control; 

input means for inputting situations of problems 
when the problems occur in said machine as an object of con- 
trol or a product produced by said machine; 

inference means including storage means storing 
situations of various kinds of operations of said machine as 
an object of control and a plurality of various kinds of 
countermeasures for said problems, for providing priority 
order for the problems occurred, priority order for causes 
for said problems and priority order for countermeasures for 
said causes according to the situations of the problems in- 
put by said input means, the states of respective units of 
said machine as an object of control detected by said sensor 
means and contents stored in said storage means, and for in- 
ferring a countermeasure which is most suitable; and 

control means for outputting various kinds of con- 
trol signals for said machine as an object of control to 
said machine as an object of control in accordance with the 
countermeasures inferred by said inference means. 
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2. A control apparatus having an inference function ac- 
cording to Claim 1, wherein the inference means includes 
means for renewing the contents stored in the storage means' 
in accordance with the countermeasures inferred and a result 
of the countermeasure . 

3. A control apparatus having an inference function ac- 
cording to Claim 1 or 2, wherein the inference means in- 
cludes means for inferring whether or not other problems oc- 
cur for the countermeasures inferred referring to the con- 
tents stored in the storage means, and for inferring other 
countermeasure in place of said countermeasure when pos- 
sibility for the occurrence of other problems is high. 

4. A control apparatus having an inference function ac- 
cording to Claim 1, 2 or 3, wherein the inference means in- 
cludes means for inferring countermeasures which are common 
for problems when a plurality of problems simultaneously 
occur, and for inferring a countermeasure which is most 
suitable from among said countermeasures inferred. 

5. A control apparatus having an inference function 
comprising : 

a plurality of sensor means for detecting states of 



respec 



tive units of a machine as an object of control; 
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setting means for setting operation conditions of 
said machine as an object of control; 

input means for inputting situations of problems 
when the problems occur in said machine as an object of con- 
trol or a product produced by said machine; 

inference means including storage means storing 
situations of various kinds of operations of said machine as 
an object of control and a plurality of various kinds of 
countermeasures for said problems, for providing priority 
order for the problems occurred, priority order for causes 
for said problems and priority order for countermeasures for 
said causes according to the situations of the problems in- 
put by said input means, the states of respective units of 
said machine as an object of control detected by said sensor 
means and contents stored in said storage means, and for in- 
ferring a countermeasure which is most suitable; and 

means for changing the operation conditions of said 
machine as an object of- control set by said setting means in 
accordance with the countermeasure inferred by said in- 
ference means . 

6. A control apparatus having an inference function ac- 
cording to Claim 5, wherein the inference means includes 
means for renewing the contents stored in the storage means 
,rdance with the countermeasure inferred and a result 



in accoi 
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of the countermeasure . 

7. A control apparatus having an inference function ac- 
cording to Claim 5 or 6, wherein the inference means in- 
cludes means for inferring whether or not other problems oc- 
cur for the countermeasure inferred referring to the con- 
tents stored in the storage means, and for inferring other 
countermeasure in place of said countermeasure when pos- 
sibility for the occurrence of other problems is high. 

8. A control apparatus having an inference function ac- 
cording to Claim 5, 6 or 7, wherein the inference means in- 
cludes means for inferring countermeasures which are common 
for problems when a plurality of problems simultaneously 
occur, and for inferring a countermeasure which is most 
suitable from among said countermeasures inferred. 

9. A control apparatus having an inference function 
comprising : 

input means for inputting situations of problems in 
a product; 

inference means including storage means storing the 
situations of the problems in the product, causes cor- 
responding to respective situations of the problems and 
countermeasure plans corresponding to respective causes, for 
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inferring countermeasure plans which are most suitable ac- 
cording to the contents stored in said storage means and the 
situations of the problems input by said input means; 

display means for displaying countermeasure plans in 
the course of inference while inference by said inference 
means is being processed; and 

selection means for selecting an arbitrary counter- 
measure plan from among the countermeasure plans displayed 
on said display means. 

10. A control apparatus having an inference function 
according to Claim 9, wherein 

the inference means includes selection means for 
selecting candidates for countermeasure plans and prediction 
means for predicting problems which will occur when said 
selected candidates for countermeasure plans are executed, 
and wherein 

the display means displays the candidates for coun- 
termeasure plans selected by said selection means together 
with the problems predicted by said prediction means. 

11. A control apparatus having an inference function 
according to Claim 10, wherein the prediction means predicts 
problems which will occur when a plurality of candidates for , 
countermeasure plans are simultaneously executed. 
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12. A control apparatus having an inference function 
according to Claim 9, wherein 

the inference means includes priority-order provid- 
ing means for providing priority orders for candidates for 
countermeasure plans, and wherein 

the display means displays the candidates for coun- 
termeasure plans together with the priority order inferred 
by said priority-order providing means. 

13. A control apparatus having an inference function 
according to Claim 9, wherein the inference means includes 
means for renewing the contents stored in the storage means 
in accordance with a result of control of an injection 
machine according to a countermeasure plan. 

14. A control apparatus having an inference function 
comprising : 

input means for inputting situations of problems in 
a product; 

inference means including storage means storing the 
situations of the problems, causes corresponding to respec- 
tive situations of the problems and countermeasure plans 
corresponding to respective causes, for inferring counter- 
measure plans which are most suitable according to the con- 
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tents sLored in said storage means and the situations of the 
problems input by said input means; 

display means for displaying countenneasure plans 
in the course of inference while inference by said inference 
means is being processed; 

selection means for selecting an. arbitrary counter- 
measure plan from among the counter-measure plans displayed 
on said display means; and 

control means for performing the control of an in- 
jection machine according to a selected counLermeaaure plan 
when the countermeasure plan has been selected by said 
selection means, and for performing the control of the in- 
jection machine according to the most suitable counter- 
measure plan inferred by said inference means when a coun- 
tenneasure plan has not been selected by said selection 
means . 

15. A control apparatus having an inference function 
comprising : 

a first group of sensors for detecting states of 
respective units of an injection machine; 

a second group of sensors for detecting states of 
respective units of a peripheral unit of said injection 
machine ; 

input means for inputting situations of problems in 
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a product; 

inference means including storage means storing 
the situations of the problems in the product, causes cor- ■ 
responding to respective situations of the problems and 
countermeasure plans corresponding to respective causes, for 
inferring countermeasure plans which are most suitable ac- 
cording to contents stored in said storage means, the situa- 
tions of the problems input by said input means, outputs 
from said first group of sensors and outputs from said 
second group of sensors; and 

control means for automatically controlling said 
injection machine and said peripheral unit according to the 
countermeasure plans inferred by said inference means. 

16. A control apparatus having an inference function 
according to Claim 15, wherein the peripheral unit is a 
mold-temperature controller. 

17. A control apparatus having an inference function 
comprising : 

an image processing apparatus for forming data 
relating to a shape of a product by performing image 
processing of an image signal obtained by imaging the 
product ; 

an automatic designing apparatus for a mold for 



60 



0377736A1J _> 



EP 0 377 736 A1 



performing automatic design of a mold; 

detection means for comparing the data relating to 
the shape of the product formed by said image processing ap- 
paratus with data relating to a shape of the product ob- 
tained by said automatic designing apparatus for a mold, and 
for detecting situations of problems in the product accord- 
ing to the comparison; 

inference means including storage means storing the 
situations of the problems in the product, causes for 
respective situations of the problems and count ermeasure 
plans corresponding to respective causes, for inferring 
countenneasure plans which are most suitable according to 
contents stored in said storage means and contents detected 
by said detection means; and 

control means for performing the control of an in- 
jection machine according to the coun termeasure plans in- 
ferred by said inference means. 
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RELATIONSHIP AMONG PROBLEMS, 
CAUSES AND COUNTERMEASURES 




— PROBLEMS 



— CAUSES 



— COUNTERMEASURES 



FIG.4 



PROVISION OF 

PRIORITY (X|,X2,X3)^ 'NPUT PROBLEMS OCCURRED 



PROVIDE PRIORITY 
FOR PROBLEMS 




2)(XaH LIST OF PROBLEMS 



PROVIDE PRIORITY 
FOR CAUSES 



y 3 J — — LIST OF CAUSES FOR PROBLEM Xl' 
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PROVIDE PRIORITY FOR 
COUNTERMEASURES 



LIST OF COUNTERMEASURES 
FOR CAUSE YV 
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PROVISION OF PRIORITY 
FOR PROBLEMS 



DESIGNATE PROBLEMS 
OCCURRED AS Xl, X2, X3 



DETERMINE PRIORITY FOR 
PROBLEMS X1, X2, X3 ••• 
USING TABLE FOR 

PROBLEMS VS. PRIORITY 



REARRANGE X1,X2,X3 
ACCORDIN TO PRIORITY, 
AND PREPARE LIST OF 
PROBLEMS(Xl', X2', X3'— ) 
GIVE PRIORITY TO PROBLEM 
WHICH WAS INPUT EARLIER, 
IF PRIORITY FROM 
TABLE IS EQUAL. 
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PROVISION OF PRIORITY FOR COUNTERMEASURES 



(WHEN PROBLEM IS SINK AND CAUSE IS INSUFFICIENT 
PRESSURE PROPAGATION) 

^34 1 



OBTAIN COUNTERMEASURE 
LIST (Z1.Z2.Z3,...) FOR 
INSUFFICIENT PRESSURE 
PROPAGATION FROM TREE 
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Z1: INCREASE INJECTION 

PRESSURE BY AP 1 
Z2: INCREASE KEEPING 
PRESSURE BY APH 
Z3: ELONGATE KEEPING 
TIME BY ATH 
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DETERMINATION OF POSSIBILITY 
FOR PROBLEM OCCURRENCE 

COUNTERMEASURE Z'i IS 
CONSIDERED FOR ALL PROBLEMS 
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ZI AND Zl ARE COUNTERMEASURES 
CONTRARY TO EACH OTHER 

EXAMPLE: ZljRAISE RESIN TEMP. 
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PROCESSING AFTER DETERMINATION 
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CONTINUE CURRENT 
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CHANGE 
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